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The DarkSide program at LNGS

A scalable technology for direct WIMP search:
2-phase low background argon TPC

DarkSide-10 DarkSide-50 DarkSide-G?2




WIMP direct detection requirements
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Liquid Argon TPC,
within a neutron veto,
within a muon veto,

under a mountain
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Liquid Argon TPC
& Cryostat
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Argon as target for DM detection

® Bright scintillator: Light Yield ~ 40 y/keV and very transparent to its own scintillation light

® Relatively abundant (1% in atmosphere) and easy to purify

® lLarge mass detectors — scalability + self-shieding

® Possible scaling to multi-ton detectors: need to suppress 3°Ar

- Underground argon (UAr): 3°Ar depletion factor >150

® Very powerful rejection capability for electron recoil background

39Ar beta decays with 565 keV endpoint,
with half-life 269 years

39Ar production supported by cosmogenic
activation via “°Ar(n,2n)3°Ar

39Ar activity in atmospheric argon ~| Bq/kg

UAr 3Ar activity <6.5 mBqg/kg
150 of 150 kg collected
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Atmospheric Argon
Underground Argon
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Two Phase Argon TPC

TPB+ITO coated
diving bell (anode)

extraction grid

field cage

ITO coated windo
(cathode)

photosensors
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Extraction Field
(~3kV/cm)

Gas phase

Drift Field
(~1kV/cm)

Liquid phase
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Two Phase Argon TPC
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Background Discrimination: S| Pulse Shape

Recoil
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Background Discrimination: S| Pulse Shape

Recoil

- .
m
A=128 nm :
Singlet 7 1N luminescence

triplet 1.6 ps

The recombination probability (and hence the
ratio of S2:S1 light) also depends on ionization
density
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LAr TPC Background Discrimination

Run 1282 - Log(S2/S1) vs F90

Shape of scintillation signal S1 (PSD)
Electronic and nuclear recoil events have different
singlet to triplet ratio

= Rejection factor =108 for > 60 photoelectrons
WARP Astr. Phys 28,495 (2008)

Logl0(82/81) corrected for drift

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Ratio between lonization and Scintillation (S2/S1)
Electronic and nuclear recoil events have different
energy sharing

= Rejection factor > 102-103
Benetti et al. ICARUS) 1993; Benetti et al. (WARP) 2006

0.7kV/cm drift, 2.7kV/cm extraction

-
-
i
M
©
N
&
©
i
)
;
-
-
w
~
~
w
~
o
'g

3D localization of the event
Allows for identification of surface bkgs
(fiducialization)

= expect >10'0 total electron/gamma background rejection
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DarkSide-10 TPC

Two phase Argon TPC prototype used to test new
technological solutions for the DS program

|0 kg active mass of Atm LAr + passive water veto

/ (top) + 7 (bottom) R 1065 HQE Hamamatsu 3”
PMTs

® 20 cm % 20 cm drift




DS-10 @ LNGS:
Light Yield in single phase mode

511 keV Line
22Na Spectrum x2/ndf 201.2/180
Mean 4486 * 2.5
Sigma 152.9 £ 3.0

1274 keV Line
x*/ndf 189.1/145
Mean 1.096e+04 £ 6.741
Sigma 318.1 + 5.4
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Detected scintillation light [p.e.]

T.Alexander et al. arXiv 1204.6218

LY=8.78 £ 0.01 p.e./keVee @ null field, gas pocket present
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DarkSide-50 TPC

® 50 kg active mass of UAr

® |9 (top) + |19 (bottom) R11065 HQE
Hamamatsu 3” PMTs

® & 36 cm % 36 cm drift

® Lateral walls made of high reflectivity
polycrystalline PTFE

® All inner surfaces coated with TPB
® Fused silica diving bell (top) and window

(bottom) in front of the PMT arrays =
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Radon-free clean assembly room
< 30 mBg/m’ in >100 m?
(CRH)

M veto and cosmogenic neutron passive shield

|000 ton water Cherenkov
(Borexino CTF)
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Radiogenic neutron veto

30 ton borated liquid scintillator
(LSV)

WIMP LAr detector
150 kg of UAr < 6.5mBqg/kg
(DS-50 TPC)




e Class 10-100 clean room above
Water Tank

v Obtained Rn <30 mBg/m? in
>100 m?

* Ar recirculation and purification
system

v Cooling power 300 W
v max rec. speed ~ 75kg/day
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DS-50 first test run

v Argon cooling, circulation, and purification system
operated

v PMTs operated in liquid argon
v TPC Trigger and DAQ operated

$ a 4 ol E o~ o‘..
B e B
\ .

L el R € aY o o N 4 1 B ‘."31-6'-':‘.--‘:".‘ | B of aYal
- Y A H 1 (* 1 [ 9N - = L “| |a=s | |

T
o,




DS-50 second test run

® Replace bad PMTs

® |nhstrument all PMT bases with in-liquid pre-amps

® |nstall super-low radioactivity silica windows
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DS-50 Schedule

® |st TPC test run (atm argon) ended June
® 2nd TPC test run starting now (atm argon)

® Fill Neutron Veto and Water Tank
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DS-50 projected sensitivity

o=1 x10™* cm? @ 100 GeV/c? Active: 50 kg
0.1 ton x year exposure Fiducial: 33 kg

LY = 6pe/keV

*Ar=10mBqg/kg

Threshold =20 keV

Recoil accept. function of energy

DAI\H/ Fiducial Exposure = 0.1 ton*year
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DS-G2 projected sensitivity

o=| X107 ecm? @ 100 GeV/c? Total: 5 ton
|4 ton x year exposure Fiducial: 2.8 ton

Q DAMA/Na

/ DAMA/I

ZEPLIN III
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Summary

DarkSide is a project for direct detection of dark matter with underground argon. The
DarkSide-50 experiment at LNGS has a projected sensitivity of 10-* cm?,

DarkSide-50, is in the commissioning phase. The detector is housed in a 30-ton liquid
scintillator neutron veto, which is in turn housed within a 1,000-ton water Cherenkov

muon veto.

The underground argon is collected from a special well in Colorado. The DarkSide
collaboration recently demonstrated that 3°Ar activity from the underground argon is
tha 0.65% of the. ctivity na mospf eric argon (corresponding to a reduction fc
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